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Àííîòàöèÿ
Ñòàòüÿ ïîñâÿùåíà ÷èñëåííîìó èçó÷åíèþ ïîâåäåíèÿ òðåõñëîéíîé ñèììåòðè÷íîé ïî
òîëùèíå êðóãîâîé ïëàñòèíû ñî ñïëîøíûì èçîòðîïíûì çàïîëíèòåëåì ïðè âåðòèêàëü-
íîì óäàðíîì âçàèìîäåéñòâèè ñ èäåàëüíîé ñæèìàåìîé æèäêîñòüþ (âîäîé). Ñêîðîñòü íà-
÷àëüíîãî âçàèìîäåéñòâèÿ ñ÷èòàåòñÿ ìàëîé ïî ñðàâíåíèþ ñî ñêîðîñòüþ çâóêà â æèäêîñòè.
Èçó÷àåòñÿ íà÷àëüíûé ýòàï âçàèìîäåéñòâèÿ, êîãäà ãèäðîäèíàìè÷åñêèå ñèëû è äàâëåíèÿ
äîñòèãàþò ìàêñèìàëüíûõ çíà÷åíèé. Ïðîâîäèòñÿ ïàðàìåòðè÷åñêèé àíàëèç îòíîñèòåëüíî
ñêîðîñòè âçàèìîäåéñòâèÿ. Ó÷èòûâàåòñÿ âëèÿíèå íà äèíàìèêó ïëàñòèíû ãðàâèòàöèîííûõ
ñèë. Çàäà÷à ðåøàåòñÿ â ñâÿçíîé îñåñèììåòðè÷íîé ïîñòàíîâêå.
Êëþ÷åâûå ñëîâà: óäàð, òðåõñëîéíàÿ ïëàñòèíà, âçàèìîäåéñòâèå ñ æèäêîñòüþ, ÷èñ-
ëåííîå ìîäåëèðîâàíèå
1. Ââåäåíèå
Ðàññìàòðèâàåòñÿ íà÷àëüíûé ýòàï óäàðíîãî âçàèìîäåéñòâèÿ ñèììåòðè÷íîé ïî
òîëùèíå òðåõñëîéíîé êðóãîâîé ïëàñòèíû ñî ñïëîøíûì èçîòðîïíûì çàïîëíèòåëåì
ïðè âåðòèêàëüíîì óäàðå î âîäó.
Â ñòàòüå ïðèâîäèòñÿ êîíñåðâàòèâíîå ðåøåíèå (áåç ó÷åòà âîçäóøíîé ïðîñëîé-
êè ìåæäó ïëàñòèíîé è æèäêîñòüþ) çàäà÷è óäàðíîãî âçàèìîäåéñòâèÿ òðåõñëîéíîé
ïëàñòèíû (êîòîðàÿ ìîæåò ñëóæèòü ìîäåëüíûì ïðåäñòàâëåíèåì äíèùà, âçàèìîäåé-
ñòâóþùèõ ñ âîäîé àïïàðàòîâ) ñ æèäêîñòüþ â ñâÿçíîé ïîñòàíîâêå. Íà îñíîâå åãî
ïîêàçàíû íåêîòîðûå çàêîíîìåðíîñòè è îñîáåííîñòè èçìåíåíèÿ äèíàìè÷åñêèõ õà-
ðàêòåðèñòèê ïëàñòèíû, êîòîðûå íåîáõîäèìî ó÷èòûâàòü ïðè ïðîåêòèðîâàíèè ïî-
äîáíûõ êîíñòðóêöèé.
Ïðèìåíèòåëüíî ê ðàññìàòðèâàåìîìó âîïðîñó ìîæíî ïðèâåñòè ñëåäóþùèå, ïî-
ëó÷åííûå ðàíåå, ðåçóëüòàòû. Â ðàáîòå [1] Ì. Â. Êåëäûø èññëåäîâàë çàäà÷ó îá
óäàðå æåñòêîé ïëàñòèíû øèðèíîé 2a î íåñæèìàåìóþ æèäêîñòü êîíå÷íîé ãëóáèíû
h . Èì áûëî ïîêàçàíî, ÷òî ïðè h > 5a âëèÿíèå äíà óæå íåçíà÷èòåëüíî.
×èñëåííîå ìîäåëèðîâàíèå ðàññìàòðèâàåìîé çàäà÷è ïðîâîäèëîñü ìåòîäîì êî-
íå÷íûõ ýëåìåíòîâ â ïðîãðàììíîì ïðîäóêòå ANSYS AUTODYN, ðåçóëüòàòû îáðà-
áàòûâàëèñü â ïàêåòå Mathcad 14.
2. Ïîñòàíîâêà çàäà÷è
Òðåõñëîéíàÿ ñèììåòðè÷íàÿ ïî òîëùèíå êðóãîâàÿ ïëàñòèíà äèàìåòðîì 2a ïà-
äàåò âåðòèêàëüíî íà èäåàëüíóþ ñæèìàåìóþ æèäêîñòü. Òîëùèíà íåñóùèõ ñëîåâ:
h1 è h2 , òîëùèíà ñëîÿ çàïîëíèòåëÿ: h3 . Ïëàñòèíà ñâîáîäíî ïàäàåò íà æèäêîñòü
(ãðàíè÷íûå óñëîâèÿ ïî êðàÿì ñâîáîäíûå). Ìîäåëèðîâàííûé îáúåì æèäêîñòè ñî-
ñòàâëÿåò 7a â ãëóáèíó è 4a â øèðèíó. Çàäà÷à ðåøàåòñÿ â îñåñèììåòðè÷íîé ïîñòà-
íîâêå îòíîñèòåëüíî îñè ñèììåòðèè ïëàñòèíû. Ðàñ÷åò ïðîâîäèëñÿ ïðè 2a = 200 ñì,
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Ðèñ. 1. Ìîäåëü òðåõñëîéíîé ñèììåòðè÷íîé ïî òîëùèíå ïëàñòèíû â íà÷àëüíûé ìîìåíò
âçàèìîäåéñòâèÿ ñ æèäêîñòüþ
h1 = h2 = 6 ñì, h3 = 10 ñì. Äèàïàçîí íà÷àëüíûõ ñêîðîñòåé: 5, 10, 15 ì/ñ. Ìîäåëü
ïëàñòèíû ïðåäñòàâëåíà íà ðèñóíêå 1.
Ïëàñòèíà ìîäåëèðóåòñÿ ýëåìåíòàìè Ëàãðàíæà. Íåñóùèå ñëîè ìîäåëèðóþòñÿ
òðåìÿ ýëåìåíòàìè ïî òîëùèíå, çàïîëíèòåëü ïÿòüþ. Ìåæäó ñëîÿìè çàäàíî óñëîâèå
ñîâìåñòíîñòè ïåðåìåùåíèé (ñøèòàÿ ñåòêà).Êîëè÷åñòâî ýëåìåíòîâ ìîäåëèðóþùèõ
ïëàñòèíó 550. Áàññåéí ìîäåëèðóåòñÿ ýëåìåíòàìè Ýéëåðà. Êîëè÷åñòâî ýëåìåíòîâ
Ýéëåðà 160000.
Â îáùåì ñëó÷àå ìàòåðèàë èìååò ñëîæíûé îòêëèê íà äèíàìè÷åñêóþ íàãðóçêó.
Â ANSYS AUTODYN ìîäåëü ìàòåðèàëà ðàçáèâàåòñÿ íà òðè ÷àñòè: óðàâíåíèå ñî-
ñòîÿíèÿ, êîòîðîå âûðàæàåò èçìåíåíèå îáúåìà è îïèñûâàåòñÿ øàðîâûì òåíçîðîì,
ìîäåëü ïðî÷íîñòè, êîòîðàÿ âûðàæàåò èçìåíåíèå ôîðìû è îïèñûâàåòñÿ äåâèàòîðîì,
è ìîäåëü ðàçðóøåíèÿ.
Ìîäåëü ìàòåðèàëà:
i =  p+ si:





(1 + 2 + 3)
Â êà÷åñòâå óðàâíåíèå ñîñòîÿíèÿ â ðàáîòå ïðèíÿòî ñîîòíîøåíèå:
p = K:
ãäå p  ãèäðîñòàòè÷åñêîå äàâëåíèå, K  ìãíîâåííûé ìîäóëü îáúåìíîé äåôîðìà-





  ïëîòíîñòü ìàòåðèàëà, 0  íà÷àëüíàÿ ïëîòíîñòü.
Â êà÷åñòâå ìîäåëè ïðî÷íîñòè ïðèíÿòî ñîîòíîøåíèå:
dsi = 2G(d"i   dV
3V
):
ãäå G  ìîäóëü ñäâèãà, V  îáúåì, "  òåíçîð äåôîðìàöèé.
Ìîäåëü ðàçðóøåíèÿ íå çàäàåòñÿ.
Âìåñòå îíè ÿâëÿþòñÿ ýêâèâàëåíòîì çàêîíà Ãóêà. Äëÿ íåñóùèõ ñëîåâ èñïîëüçî-
âàí ìàòåðèàë Ä16Ò, à äëÿ çàïîëíèòåëÿ ôòîðîïëàñò-4. Õàðàêòåðèñòèêè ìàòåðèàëîâ,
ïðèâåäåííûå â òàáëèöå 1, âçÿòû èç [2].
Äëÿ ìîäåëèðîâàíèÿ âîäû èñïîëüçîâàëàñü ñòàíäàðòíàÿ ìîäåëü çàëîæåííàÿ â
ANSYS AUTODYN. Âåðèôèêàöèÿ ìåòîäà ïðîâåäåíà â ðàáîòå [3].
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Òàáëèöà 1. Õàðàêòåðèñòèêè ìàòåðèàëîâ
Õàðàêòåðèñòèêà Ä16Ò Ôòîðîïëàñò-4
K, ÌÏà 92140 4700
G, ÌÏà 30750 90
, êã/ì3 2700 2150
3. Ðåçóëüòàòû
Â ðàáîòå ðàññìîòðåíî âëèÿíèå íà÷àëüíîé ñêîðîñòè ïîãðóæåíèÿ è ãðàâèòàöè-
îííûõ ñèë íà äèíàìè÷åñêèå õàðàêòåðèñòèêè ïîãðóæàþùåãîñÿ â æèäêîñòü òåëà.
Ðåøåíèå ïîëó÷åíî äëÿ âåðòèêàëüíîãî óäàðà î æèäêîñòü êðóãîâîé ñèììåòðè÷íîé
ïî òîëùèíå ïëàñòèíû ñî ñïëîøíûì èçîòðîïíûì çàïîëíèòåëåì â îñåñèììåòðè÷íîé
ñâÿçíîé ïîñòàíîâêå.
Íà ðàññìîòðåííîì ó÷àñòêå ñêîðîñòåé íà÷àëüíîãî âçàèìîäåéñòâèÿ çàâèñèìîñòè
ïåðåìåùåíèé, ñêîðîñòåé, óñêîðåíèé è íàïðÿæåíèé îò íà÷àëüíîé ñêîðîñòè ëèíåé-
íû. Íà ðèñóíêå 2 ïðåäñòàâëåíû ãðàôèêè ìàêñèìàëüíûõ íàïðÿæåíèé ïî Ìèçåñó
(â ÌÏà) â çàâèñèìîñòè îò ñêîðîñòè ñîóäàðåíèÿ (â ì/ñ). Ñïëîøíîé ÷åðòîé ïîêàçà-
íû íàïðÿæåíèÿ â ïåðâîì íåñóùåì ñëîå, òî÷êàìè  íàïðÿæåíèÿ âî âòîðîì íåñóùåì
ñëîå.
Ðèñ. 2. Ìàêñèìàëüíûå íàïðÿæåíèÿ â çàâèñèìîñòè îò ñêîðîñòè ñîóäàðåíèÿ
Ìàêñèìàëüíûå íàïðÿæåíèÿ âîçíèêàþò íà âíåøíåé ñòîðîíå ïåðâîãî íåñóùåãî
ñëîÿ â öåíòðå ïëàñòèíû. Íàïðÿæåíèÿ â çàïîëíèòåëå íà ïîðÿäîê ìåíüøå íàïðÿ-
æåíèé â íåñóùèõ ñëîÿõ, ÷òî ïîçâîëÿåò ïðèìåíÿòü äëÿ íåãî áîëåå ëåãêèå è ìåíåå
ïðî÷íûå ìàòåðèàëû. Ìàêñèìàëüíûå íàïðÿæåíèÿ âî âòîðîì íåñóùåì ñëîå ïðèáëè-
çèòåëüíî íà 10 ïðîöåíòîâ ìåíüøå ìàêñèìàëüíûõ íàïðÿæåíèé â ïåðâîì, ÷òî íå
ïîçâîëÿåò âíåñòè â êîíñòðóêöèþ àñèììåòðèþ ïî òîëùèíå.
Â çàêëþ÷åíèè ñëåäóåò îòìåòèòü, ÷òî ïðèâåäåííûé ðàñ÷åò âûñòóïàåò â êà÷åñòâå
êîíñåðâàòèâíîé îöåíêè. Ó÷åò âîçäóøíîé ïðîñëîéêè ìåæäó ïàäàþùåé ïëàñòèíîé
è ñâîáîäíîé ïîâåðõíîñòüþ æèäêîñòè è âòîðîé âÿçêîñòè æèäêîñòè ñäåëàåò ïåðåõîä
âîçäóõ-æèäêîñòü áîëåå ïëàâíûì, ÷òî, êàê ñëåäñòâèå, ïðèâåäåò ê ñíèæåíèþ ìàê-
ñèìàëüíûõ íàïðÿæåíèé è óñêîðåíèé, à òàêæå ïåðåðàñïðåäåëåíèþ äèíàìè÷åñêèõ
õàðàêòåðèñòèê ïî âðåìåíè è êîîðäèíàòå.
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Summary
A.M. Krupenin, M.I. Martirosov. The symmetric impact of the round tree-layer plat with
water.
The article is devoted to numerical research of the behavior of a tree-layer symmetric round
plat with continuum isotropic ller with vertical impact interaction with an ideal compressible
liquid (water). The initial rate of interaction is small compared with the speed of sound in the
liquid. Studied the initial stage of the interaction, when the hydrodynamic forces and pressure
reach maximum values. Performed parametric analysis relative to the speed of interaction.
Take into account the impact on the dynamics of plate gravitational forces. The problem is
solved in a coherent axisymmetric setting.
Key words: impact, tree-layer plat, interaction with liquid, numerical simulation
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